ABSTRACT
INTRODUCTION
One of the main causes of the loss of autonomy and independence of the elderly community residents are the consequences of physical falls (1, 2) , according to the database of the Unified Health System / Brazilian Ministry of Health (3) , in Brazil, between 1996 and 2005, about 24,645 elderly people died due to falls, occupying the third place of mortality and the first place among hospitalizations. In 2005, the prevalence of falls in the elderly was 34.8% in seven Brazilian states, and among those who fell, 55% reported a single fall in the previous year. These data are in agreement with the data found in the United States, where about 30% to 40% of the elderly livings in a community suffer at least one fall in their life, and this percentage increases to 60% when the elderly have experienced a fall in previous year (4) . Therefore, falls in the elderly become a public health problem, considering the social and economic burden they generate (5) . Given these considerations, there is a constant concern of health professionals to prevent and mitigate the consequences of falls in the elderly´s health. In both clinical and community health, we must conform to available diagnostic and / or predictive methods acceptable to the individual. The degree of importance of the instrument used for decision-making in relation to therapeutic and / or diagnostic / predictive conduct, including the cost ratio of the instrument´s application, the risks to which the evaluator and the patient will be submitted and patient´s acceptability to such an instruments should also be considered when the indication and use of these instruments (6, 7) . Numerous instrument model methods (scales, tests, questionnaires, among others) have been created among the efforts to minimize and detect the risk of falls in the elderly population so that health professionals can identify individuals with the potential for falls. The most commonly used tests are the Balance Berg Scale (BBS), the Clinical Test of Sensory Organization and Balance Test (CTSIB), the Functional Reach Test (FRT), the Tinetti Balance Scale (TBS), One Leg Stand (OLS),
Tandem Stand Test (TS), Chair Stand Five times Test (CS-5), and
The Timed Up and Go Test (TUG). To predict the risk of falls in the elderly, there is still no reference test considered "gold", since the fall phenomenon is multifactorial, one of the factors that explain the postural balance is the functional mobility of the individual.
In the scientific environment, for clinical and epidemiological research, content, criterion and construct validity are essential requirements to obtain a good psychometric test, according to the sample profile. Since clinical trials are considered essential tools to diagnose and / or predict the possibility of risk of some phenomenon. This systematic review aims to analyze the tests in their validation criterion, essentially predictive one. In the construct concept the test must measure exactly what it intends, but also carry out this measurement with accuracy, without errors (validity of criterion). Predictive validity is part of the criterion validity, which should be well understood for the scientific community to which the sample profile of the instrument is appropriate to diagnose and / or predict the phenomenon. Thus, one can distinguish two types of validity criterion: predictive and concurrent (8, 9) . In this sense, there is a literature in the literature about the most appropriate clinical tests to evaluate the risk of falls in the elderly. Since current studies reporting that these tests are having a "roof" or "floor" effect in detecting the risk of falls in the elderly, such as: BBS (10, 11, 12, 13) , TUG (14, 15, 16) and other tests (17, 18) . This entails a lack of evidence on which tests would be best suited for use by health care professionals, since they are poorly studied and analyzed in terms of their psychometric qualities.
Insufficient clarity of instrument validity may mislead researchers to make decisions in the clinical setting and in the development of scientific research, and may underestimate or overestimate the results, resulting in potentially erroneous actions in clinical decision-making or in data conclusions from their empirical research. In addition, it is expected that in the literature would be clear about the indications of each test in relation to the different population profile, providing its construct, the dimension corresponding to the construct, test outcomes, collection time, test familiarization, training and manual detailed instruction to the researchers. Thus, when the aforementioned information is easily available to the researchers, it is believed that it would avoid the traditional biases of publications generated by the lack of information about the suitability and reliability of the instrument used in different elderly populations.
To obtain a more accurate indication of the discriminative ability and diagnostic accuracy of the functional balance tests as a clinical screening instrument for the identification of elderly at risk of falling, a comprehensive systematic review and a meta-analysis were performed. In addition, an accurate analysis of the quality of the studies was also performed. Considering the lack of studies that demonstrate the predictive capacity of functional mobility tests in the elderly, this study aimed to analyze theoretically the predictive validity of these available tests, as well as, to their methodological quality in terms of design and procedures.
METHOD

Inclusion Criterion
The following inclusion criteria were used: studies which enrolled elderly samples living in a community aged over 60 years (1) ; Elderly sample without physical limitations (2); Evaluation of physical balance by at least one clinical test (field work) (3); Presentation of at least one test to compare the results (4); Presentation of sensitivity and specificity values of the tests used (5); Publication of results in English, Spanish and or Portuguese (6) .
Experimental or observational studies, studies with samples exclusively of elderly people considered dependent, fragile or with pre-established pathologies (neurological, orthopedic, cardiovascular, vestibular system) were excluded in this study.
Search Strategies
The research was conducted according to the Preferred Reporting Items for Systematics Reviews and Meta-Analysis (PRISMA recommendations) guidelines. The MEDLINE (1966-14/ 10/2014), SCOPUS (1960-16/ 10/2104) and CINAHL (1982-10/ 24/2014) databases were selected. The filters used as data search strategy were divided into three blocks: Elderly: Postural Balance and Study Type (APPENDIX I).
Article Selection
Two independent evaluators selected the studies after reading the titles, excluding those that were not related to the purpose of the review. After the selection of the titles, the evaluators analyzed the abstracts of the articles to identify those that met the inclusion criteria and, subsequently, the eligible studies were analyzed entirety for later inclusion in the systematic review.
Evaluation of the methodological quality of the selected studies For the methodological evaluation, the authors of the present study developed a scale composed of 10 questions. This scale was developed from existing scales in the literature, such as QUADAS and STARD (19) that did not meet the needs of the study objective. The questions elaborated refer to the presence of methodological aspects of the study evaluated, containing the following questions: All these questions was answered with the answers "yes", "partially" and "no". With each result yes, it was assigned the value of 1 point whereas for the "partially" 0.5 and results "no" the zero value.
The evaluation process of the selected articles was carried out by four independent reviewers, whose analysis of each question of the methodological evaluation was performed in pairs at each step of the process. To resolve disagreements among reviewers, a third reviewer evaluated all items involved. The systematic review was registered in PROSPERO under registration number CRD 42015026961.
The values of true positive (TP), false positive (FP), true false (TN), false negative (FN), sensitivity (SEN), specificity (SPE), accuracy (ACC), positive predictive value (PPV), negative predictive value (VPN), positive likelihood ratio (PLR) and negative likelihood ratio (NLR), in order to check the fallers. SEN, SPE, ACC, VPP, VPN, PLR e NLR were calculated using the following formulas: 1 to 7 and Table 1 .
PPV=TP/(TP+FP)
NPV=TN/(FN+TN)
NLR=(1−SEN)/SPE (7)
Meta-Analysis
We used the Q Chi-square statistic value to estimate the heterogeneity of the individual studies that contribute to the estimate pooled. The homogeneity was obtained by evaluating the differences between the studies, that is, if they were larger than expected just by chance. The ρ <0.05 in this analysis indicates the presence of greater heterogeneity than would be expected by chance alone.
Due to lack of standardization, different thresholds can be used in included studies to define a positive test result. Differential threshold effect may be the reason for the detectable difference in sensitivities and specificities of the precision test studies. The estimated accuracy of each study in the curve (ROC) space (receiver operating characteristic) and the Spearman Correlation Coefficient between log (SEN) and log (1-SPE) were evaluated for threshold effect. A typical "shoulder arm" plot in the ROC curve space and a strong positive correlation suggested a threshold effect.
Statistical analysis is not always necessary in all systematic reviews to check the test precision studies. The necessary condition for gathering the estimates is that the studies and results should be reasonably homogeneous. Estimates can be grouped by the fixed-effect model (FEM) or the random effects model (REM) to incorporate the variation between the studies, and the output can be represented graphically as funnel plots. If heterogeneity due to the threshold effect is present, accuracy data can be gathered by fitting a summary ROC curve (SROC) and by area under the curve (AUC). The SROC curve summarizes and gathers the true and false positive rates of different diagnostic studies. The overall performance of diagnostic studies can be visualized and reflected by an SROC curve without being affected by a change in limit values. The best diagnostic modality would produce a point in the upper left corner or coordinates (0.1) of the SROC space, representing 100% sensitivity (no false negatives) and 100% specificity (false positives) at the individual subject level. Likewise, AUC ranges from 1 to a perfect test that always diagnoses correctly, to 0 for a test that never does this from individual studies or meta-analyzes. The homogeneity test, threshold effect analysis, pooled and specific weighted sensitivity, SROC curve and sensitivity analysis were performed using Meta-Disc version 1.4.
RESULTS
In the electronic databases used to search for articles, 2.607 were found in MEDLINE, 5.276 in SCOPUS and 11.464 in CINAHL, totaling 18.520 documents. Of these, 1.890 articles were duplicated for a total of 16.630 articles. In the analysis of the persistent titles the research was selected 311 articles. After analysis of the abstracts, 97 articles were selected for the entire reading. After analyzing the articles in full, 6 of them we could not get fully access, 80 were excluded because they did not meet the inclusion criteria. Thus, 11 were eligible for the present study ( Figure 1) . The methodological quality assessment (Table 2) , from the five studies (45.45%) were prospective and six (54.54%) retrospective studies referring to the history of falling of the elderly. It was verified that the articles that scored the most were those performed by Dite et al. (20) (9.5 points), Rose et al. (21) (9 points) and Wrisley and Kumar (22) (9 points). The lowest scores were Truebloodet al.
(23) (5 points); Greene et al. (24) (5.5 points) and Tsutsuminoto et al. (25) (6 points). Among the questions that were less pointed out and decreased in the methodological quality of the articles scores are the presentation of simple aspects such as "time to rest" (Question 10) and "whether the evaluators were previously trained" (Question 8). However, two questions were addressed by all articles, whether "the tests were applied to all subjects (or at random)" (question 9) and whether the tests were analyzed without any influence on each other (question 6).
The sample profile and characteristics of the studies are summarized in Table 3 . It is noted that 81% of the studies excluded elderly with cognitive deficit using the mini-mental examination, 72.72% reported prevalent diseases, 45.45% the type of medication administered, 63.63% reported the number of elderly people who use gaiters and limitations of their daily activities; 36.36% excluded elderly individuals who presented balance deficiency; and 27.27% evaluated the state of the visual, auditory and / or vestibular system. Complementary evaluation of methodological quality using relevance criteria to investigate the risk of falling (phenomenon) indicated that only two studies had representative sample size. Overall, four studies were classified as high quality studies, of which only one included representative sample. 
Shumway-cook et al.
(28)
Greene et al. (2010) (24)
Wrisley; Kumar (2010)
Dite et al.
Stel et al.
Tsutsumimoto et al.
Greene et al. (2012) (27) Table 4) . Of these, only the TUG and BERG Tests can be performed meta-analysis because they have enough studies for the analytical tool.
In the TUG test, the combined sample size was composed of 1113 elderly individuals over 60 years old who were able to complete the test. Of these 616 elderly people reported a history of a retrospective or prospective falls. Follow-up periods varied 5 years retrospective and 2 years prospective. Sample sizes of the studies ranged from 30 to 226 participants. Six studies separated their sample between fallers and non-fallers; And two studies divided the sample into multi-fallers (with more than two falls), not multi-fallers (one fall) and non-fallers (TABLE 4) . Forest graphs of sensitivities and specificities of 9 subsets of data from all eight studies are shown in Figure 2 . Sensitivity values ranged from 10% to 89% with an average of 61.6% (95% CI: 57.2 -65.9%), and the specificity ranged from 62.9 to 100% with a mean of 76.5% (95% CI: 73-79.8%). The heterogeneity test of sensitivity and specificity shows X² = 59. 34 On the four studies found on BBS, one did not analyze the predictive validity, the other three studies obtained the combined sample size of 653 elderly individuals over 60 years old who were able to complete the Scale. Of these 329 elderly people reported a history of a retrospective or prospective fall. Follow-up periods varied 5 years retrospective and 2 years prospective studies. Sample sizes of studies ranged from 34 to 329 subjects. Two studies separated their sample between fallers and non-fallers, and one study separate fallers, multi-fallers and non-fallers (TABLE 4) . Sensitivity values ranged from 45% to 95.5% with an average of 58.7% (CI = 95%: 53.1-64%, X² = 29.95, p <0.0001, I² = 83%), and the specificity ranged from 51% to 95.5% with a mean of 71.3% (95% CI: 66-76.2%, X² = 30.73, p <0.0001, I² = 82%). The discriminatory BBS scores to identify the elderly fallers 
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Table 4.
Characterization of the studies regarding the objectives, sample, characterization of falls, values of sensitivity and specificity of the tests and conclusion of the studies. Of the three studies that analyzed FRT, one did not find a prospective difference between fallers and non-fallers, totaling two studies that reported sensitivity of the test. The combined sample size was composed of 126 elderly individuals aged over 60 years were able to complete the scale. Of these 65 elderly people reported a history of a retrospective falls with a time of six months and a prospective falls of 14 months. The sensitivity values were 64.6% (X² = 20.01, I² = 46%, p <0.001) and specificity was 75.4% (X² = 1.88, I² = 14.9%, p = 0.17). The post-test probability of an elderly person falling or non-falling, considered a positive and negative probability coefficient ratio, was 2.89 and X² = 6.03 (p = 0.01) and 0.50 and X² = 1.84 (p = 0.17), respectively. The overall odds ratio of these studies had a value of 6.23 (X² = 4.49, p = 0.03).
Author
Objective
Sample
History of fall
In the POMA Test, the combined sample size was composed of 225 elderly individuals over 60 years old who were able to complete the scale. Of these 41 elderly people reported a history of falls. Sensitivity values were 46.4% (X² = 6.20, p = 0.01) and specificity was 85.8% (X² = 0.04, p = 0.83). The post-test probability of an elderly patient falling or not, considered a positive and negative probability coefficient ratio, was 3.76 and (X² = 3.34, p = 0.07), and 0.43 and X² = 3.94, p = 0.05), respectively. The overall odds ratio of these studies had a value of 8.73 (X² = 4.13, p = 0.09).
In the TS, the combined sample size was composed of 480 elderly subjects over the age of 60 years were able to complete the scale. Of these 113 elderly people reported a history of falls. Sensitivity values were 37% (X² = 5.12, p = 0.02) and specificity was 82% (X² = 0.60, p = 0.44). The post-test probability of an elderly person suffering a fall or not, considered a ratio of positive and negative propensity coefficient, was 2.96 (X² = 4.94, p <0.03) and 0.57 (X² = 2.96, p = 0.09), respectively. The overall odds ratio of these studies was 5.47 (Q = 4.68, p = 0.03).
Three studies using the CS-5 did not find a significant difference between the fallers and non-fallers, as did the STST, SSST, CTSIB and OLS.
DISCUSSION
This study aimed to analyze the predictive validity of the functional mobility tests to detect the risk of falls in elderly residents in the community and independent., as well as, their methodological qualities in terms of design and procedures. The systematic review evidenced that the only test with scientific discriminative validity for this population is the TUG, however it is not plausible to consider it as "gold reference" test, since it does not present an adequate predictive validity. The results of this study may have been influenced by the methodological quality criteria of the studies that were not controlled by this study, although the majority (72.7%) presented good methodological control according the proposed criteria used here (See Table 3 ). It is noted, however, that there were major biases in the studies that might influence their results.
The review indicated that the mean TUG time of the fallers and non-fallers in all studies presented a significant difference, suggesting that the test has the capacity to differentiate the fallers. In investigating the sensitivity and specificity of the test, it was noted that the test has moderate diagnostic capacity. The diagnostic probability ratio (ORD) shows that the TUG has a good discriminative capacity to identify the fallers and the non-fallers, discriminative capacity produced with the studies included in this meta-analysis that proves that the TUG is a good diagnostic test, with accuracy of 0.85 and the overall OR value of 8.4, besides of the Cronbach Q of 0.78. However, the TUG cannot be considered with a predictive test to predict falls in the elderly with precision, that is, cannot be considered a "gold standard test." One of the reasons would be the heterogeneity found in the study, in which the test had a weak and non-significant correlation between sensitivity and specificity, suggesting that there must be other factors resulting in variations in the estimated precision between the individual studies. The variability presented in the test should not be analyzed as an impediment to the analysis of the results, but should be considered in careful evaluations when analyzing the biases of publications.
The variability of the studies may be influencing the results of the systematic review of the TUG Test, since of the eight studies five are retrospective, impairing the criterion of predictive validation of the test. In addition, studies conducted under different circumstances, differing in relation to the criteria selection of the sample and the control of intrinsic factors that may influence the performance of the test, indicating that even if we selected studies with the same type of sample, the studies among themselves can present high homogeneity of subjects inside of samples. That is, not all the studies presented intrinsic and extrinsic control of the factors that can have influencing the final result of the test. However, the problem with data homogeneity and inconsistent results, when analyzed systematically, can provide important data on test behavior in clinical practice where the population will be varied. To test possible interactions of these variables and their influence on accuracy it is necessary to carry out a study with this purpose, with an appropriate design.
At the BBS, the four studies found a significant difference in mean score between the fallers and non-fallers, suggesting that the test has the ability to differentiate the fallers. However, of the four studies analyzed only three realized the predictive validity of the instrument. The values of sensitivity (58.7%) and specificity (71.3%) calculated through the meeting of the studies analyzed proved the high accuracy as a diagnostic test. The diagnostic odds ratio indicated had a good discriminative ability to identify the fallers and the non-fallers. However, when analyzing the studies in detail, it can be observed that the results may have been biased in the meta-analysis. Due to the fact that we found two studies (24, 27) with the same author in different period distances and design -one retrospective and the other prospective, both presented low test sensitivity and moderate specificity. The other study is by Chiu et al. (16) (2003), with retrospective case-control design, which analyzed between non-fallers and fallers that presented high sensitivity and specificity; And between non-fallers and multi-fallers that obtained excellent sensitivity and specificity (95% in both). In this situation, perhaps the result of the study by Chiu et al. (16) , may have influenced the results of the meta-analysis performed here, thus not being able to conclude whether the instrument has good predictive validity.
Several studies have examined the validity of BBS in detecting the risk of falls in elderly residents in the community, through factor analysis, ROC curve analysis, and sensitivity and specificity in several languages (30, 31, 32, 33, 34, 35,) . Studies point to a Cronbach's alpha ranging from 0.62 to 0.98; Sensitivity between 42% and 97%; Specificity between 26% and 92%; Cut point between 45 and 50 points (10, 13, 30, 31, 32, 33, 34, 35, 30, 36, 37, 38, 39) . Despite presenting a high alpha of Cronbach indicating a good internal consistency, as well as a good association between item-factor and the other factors, this does not guarantee a good internal consistency in the measurement of the postural control construct. In addition, several studies report that this instrument has a "ceiling effect" (10, 11; 12, 13) and this reason is the justification used in the study by Wrisley and Kumar (22) did not analyze the predictive validity of this instrument, even finding that there was a significant difference between the fallers and non-fallers. In this sense, Souza et al. (39) reports that the BBS has no predictive validity in elderly patients with knee osteoarthrosis, exposing some fragility in the test. However, the BBS was sensitive to individual differences in the sample, even in the absence of a good index of sensitivity and specificity.
The POMA B and TS were selected only in two studies each, which did not allow an in-depth analysis in the tests. The tests presented low sensitivity, but it does not clarify the aspect regarding the validity of the tests to detect altered balance and the predisposition to fall for elderly residents in the community.
Three studies used the CS-5, none of which showed discriminative ability to compare the mean between fallers and non-fallers, so the studies did not assess the validity of the criterion. This test is widely used in the elderly as a simple test (40, 41, 42, 43, 44, 45) and in physical performance batteries (46) , for indirect measurement of muscle resistance of the knee joint -mainly quadriceps. The CS-5 has been demonstrated to be a simple and viable physical performance to request a decrease in daily living activity (ADL) and falls in the elderly (47, 48, 49) . Nakazono et al. (50) , concluded that CS-5 and Chair Test (30 seconds) are simple and viable physical performance tests for the elderly and rehabilitation patients in the clinical context, to evaluate their muscular endurance.
In addition to the other tests (360ºT, FSST, UG, Step Test Five Times, Step Test 15s, OMO Test), they presented a single study, indicated a coefficient of precision above of 0.80, suggesting a probable excellent predictive validity, being considered "gold standard" (51) . Therefore, it is clinically important to develop studies that evaluate the predictive validity of these tests to identify the risk of falls in this population.
When analyzing the convergent validity of the tests in the studies, the TUG presented greater frequency of convergent validity with the other tests. The TUG Test showed weak correlation with CTSIB (on firm and unstable surface with closed eyes), moderate correlation with OLS, FRT and FGA; and high correlation with the BBS, FSST and ST. In relation to the convergent validity BBS presented moderate correlation with FGA (r = 0.53) and high correlation with TUG (r = -0.76). It is understood that the Spearmam and Pearson correlation tests will have a higher correlation index the closer to the dimension of the construct between the tests. Thus, it is expected that the TUG presents a high correction between the FSST, ST and BBS tests, since the TUG motor tasks are included or are similar to the motor tasks analyzed by the FSST, ST and BBS.
The systematic review has demonstrated the tendency of the studies (22, 29, 22, 26) to publish only diagnostic tests with good predictive validity, which leads to a scientific literature with bias. Studies with negative results should be stimulated for their publications, with the intuition to offer to the scientific environment the behavior of the tests in sample diversity, protecting the researcher to use tests not advisable for its population to be studied. Furthermore, in order to avoid this bias, studies should be designed with sufficient sample size of individuals for results to be credible and adequately disseminated. The accuracy of a diagnostic / predictive test is best determined by comparison with a standard reference test, considered to be the gold standard. Currently, in the literature, the standard reference test to predict falls in the elderly has not yet been clarified. Even so, the review proposed to select studies that presented a reference test MTP&RehabJournal 2016, 14: 432 (adjusted test), that is, that verified the predictive validity of the target test and another test. The presence of a reference test reduces sampling rates in studies with non-representative sample size, especially in a control case study that the number of individuals with the phenomenon to be studied is equal to those that do not present what corresponds to a 50% prevalence of phenomenon, so that the researcher can evaluate the usefulness of the test according to its reality in clinical practice, that is, ascertain if the test underestimates or overestimates the ability of the test to detect the phenomenon in the population.
It is not possible with a single clinical trial to predict the risk of falling in the elderly because the fall is a multifactorial phenomenon. However, it is essential to have the scientific knowledge which discriminatory clinical tests are valid for the population profile to be studied. The systematic review pointed out that the only test with scientific discriminative validity for elderly residents in the community is the TUG, but it is not possible to consider it as a gold reference test because it does not present an adequate predictive validity. TUG may not be sufficient as a simplified screening tool to detect the risk of falls, we suggest the use of TUG associated with other predictors of fall risk to provide additional information on the identification of the elderly with the potential to suffer future falls. The meta-analysis of fall risk factors points to fear of falls, dementia, vertigo, gait deficiency, antiepileptic drugs, muscle weakness, balance deficiency and environmental risk are predictors of falls in community-dwelling elderly people (52) . It is suggested that longitudinal studies be conducted in to determine the causes and risk factors for falls in the elderly, verify the validity of the contents of functional mobility tests to detect the risk of falls. Besides that it is suggested studies to determine if the proposed tests and risk factors have predictive validity over time to detect the risk of falls in the elderly and studies to monitor risk factors and functional mobility tests remain effective over time.
CONCLUSION
Although the systematic review evidenced that the studies present good methodological quality, they present great biases that compromised the result of the systematic review, such as: Types of studies found -many studies presented a retrospective design compromising the predictive validity of the test; Nonrepresentative sample size; Selection criteria; Control of intrinsic and extrinsic factors; Concurrent validity of the tests to ascertain the predictive validity of the target test and of another test; Besides other biases.
Although the studies presented important biases, it can be evidenced that the only test with discriminative scientific validity for elderly residents in the community is the TUG test, but it cannot be considered as "gold reference test", since its predictive validity does not allow for this purpose. Considering that the phenomenon of fall in the elderly is multifactorial, it is suggested that the TUG test can be used in association with other predictors of fall risk to provide additional information on the identification of the elderly with the potential to suffer future falls.
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